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(54) HEAT EXCHANGE TUBE AND HEAT RECOVERY METHOD USING IT 



(57) The present invention relates to a heat ex- 
changer tube made of a sintered compact having pore 
ratio of 2 to 60%, a heat exchanger tube wherein the 
outer part thereof is made of a ceramics metal compos- 
ite, more preferably, a heat exchanger tube wherein a 
heat resisting alloy tube is covered with a ceramics met- 
al composite in non adhesive condition, and the heat 



resisting alloy tube and the ceramics metal composite 
at least partly contact at the interface therebetween. By 
means of the heat exchanger tubes of the present in- 
vention, stable heat recovery can be carried out for a 
long period of time even under corrosive environment 
at high temperature such as in a combustion waste gas 
of industrial waste. 



FIG. 1 



1 




Printed by Jouve, 75001 PAH1S (FR) 



EP 1 122 506 A1 



Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a heat ex- 
changer tube for heat recovery through steam or air from 
a waste gas at high temperature occurring when burning 
municipal waste or industrial waste, and to a heat recov- 
ery method using the same. 

2. Description of Related Art 

[0002] Nowadays, a heat recovery system has been 
reduced to practice for recovering heat through a heat 
exchanger tube where heat exchanger fluids such as 
steam or air flow from the waste gas at 400 to 1200° C 
generated by burning municipal waste, coal, sewage, 
paper making sludge or other industrial waste. And the 
recovered heat is used, for example, for power genera- 
tion. 

[0003] But since the waste gas generated when burn- 
ing municipal waste or industrial waste, contains hydro- 
gen chloride and basic salt such as NaCI, KCI or Na 2 S0 4 
having corrosivity stronger as a temperature becomes 
higher, the heat exchanger tubes made of heat resisting 
alloys such as boiler carbon steel or alloy steel, stainless 
steel or Ni-Co alloy, can not be used under conditions 
at high temperature, and the temperature of heat ex- 
changer fluid passing within the heat exchanger tube is 
controlled to be 300° C or lower. Actually, the heat re- 
covery has not sufficiently been carried out. 
[0004] For enabling to recover heat at higher temper- 
ature without causing corrosion, Japanese Patent Laid- 
Open No.332508(1993) proposes a heat exchanger 
made of a ceramics, and Japanese Patent Latd-Open 
No.274401(1998) proposes a heat exchanger made of 
a heat resisting alloy covered with a ceramics film. 
[0005] However, being exposed to corrosive environ- 
ment at high temperature for a long period of time, the 
ceramics is caused with cracks or peeling due to the dif- 
ference in coefficient of thermal expansion between the 
ceramics and the deposit of ash containing basic salt 
adhered or deposited on the ceramics surface, or due 
to the difference in coefficient of thermal expansion be- 
tween the ceramics and the heat resisting alloy, so that 
the stable heat recovery cannot be secured for a long 
time. Further, the ash deposit becoming thicker de- 
creases heat transfer coefficient, and invites degrada- 
tion of heat exchanger effectiveness. 

SUMMARY OF THE INVENTION 

[0006] It is accordingly an object of the present inven- 
tion to provide a heat exchanger tube enabling to carry 
out stable heat recovery for a long time even under cor- 
rosive environment at high temperature, and a heat re- 
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covery method using the same. 
[0007] This object is accomplished by means of a heat 
exchanger tube made of a sintered compact having pore 
ratio of 2 to 60%, or a heat exchanger tube wherein the 
outer part thereof is made of a ceramics metal compos- 
ite. 

[0008] In particular, the heat exchanger tube is more 
preferable, wherein a heat resisting alloy tube is covered 
with a ceramics metal composite in non adhesive con- 
dition, and the heat resisting alloy tube and the ceramics 
metal composite at least partly contact at the interface 
therebetween, or a heat exchanger tube wherein a heat 
resisting alloy tube is covered in succession with a ther- 
mal expansion buffer and a ceramics metal composite 
in non adhesive condition, and both at least partly con- 
tact at the interface between the heat resisting alloy tube 
and the thermal expansion buffer and/or at the interface 
between the thermal expansion buffer and the ceramics 
metal composite. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 
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Fig. 1 is a vertically cross sectional view of the heat 
exchanger tube as one example of the invention; 
Fig. 2 is a vertically cross sectional view of the heat 
exchanger tube as another example of the inven- 
tion; 

Fig. 3 is a laterally cross sectional view of the heat 
exchanger tube as another example of the inven- 
tion; 

Fig. 4 is a vertically cross sectional view of the heat 
exchanger tube as another example of the inven- 
tion; 

Fig. 5 is a laterally cross sectional view of the heat 
exchanger tube of Fig. 4; 

Fig. 6 is a laterally cross sectional view of the heat 
exchanger tube as another example of the inven- 
tion; 

Fig. 7 is a laterally cross sectional view of the heat 
exchanger tube as another example of the inven- 
tion; 

Fig. 8 is a vertically cross sectional view of the heat 
exchanger tube as another example of the inven- 
tion; 

Fig. 9 is a laterally cross sectional view of the heat 
exchanger tube of Fig. 8; 

Fig. 1 0 is a laterally cross sectional view of the heat 
exchanger tube as another example of the inven- 
tion; and 

Fig. 11 is a laterally cross sectional view of the heat 
exchanger tube as another example of the inven- 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 
[0010] In order to obtain a heat exchanger tube that 
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can be steadily served for a long time under corrosive 
environment at high temperature, we made studies from 
the following two points of view, how to prevent the dep- 
osition of ash and how to suppress the crack of ceramics 
itself. 

[0011] AS a result, it is found that if realizing such a 
heat exchanger tube made of a sintered compact of met- 
al or ceramics having pore ratio of 2 to 60%, the depo- 
sition of ash containing basic salt can be prevented by 
spouting a part of heat exchanger fluid passing within 
the heat exchanger tube through the pores. In this case, 
if the pore ratio thereof is 2% or more, a production proc- 
ess under special circumstance at high temperature and 
high pressure is not necessary and the production cost 
is lowered. If the pore ratio is not less than 60%, highly 
corrosive waste gas penetrates from the pores and de- 
generates the tube itself. As a method for spouting a 
part of heat exchanger fluid through the pores, it is sim- 
ply sufficient to strengthen the pressure of the heat ex- 
changer fluid flowing in the heat exchanger tube to be 
higher than the pressure of atmosphere outside of the 
heat exchanger tube. 

[0012] It is preferable that the heat exchanger tube 
should be made of a sintered compact of ceramics metal 
composite, because the excellent corrosion resistance 
is achieved by the ceramics, and at the same time the 
ductility is improved by the metal. 
[0013] On the other hand, it is effective that the outer 
part of heat exchanger tube is made of a ceramics metal 
composite so as to suppress the crack of ceramics itself 
for the same reason as described above. 
[0014] As a ceramics in the ceramics metal compos- 
ite, available are oxides such as Ti0 2 , Zr0 2 , Cr 2 0 3 , 
Al 2 0 3 , Si0 2 , Y 2 0 3 , Ce0 2 , Sc 2 0 3 , borides such as BN, 
MgB 2 , CaB 6 , TiB 2 , ZrB 2 , AIB 2 , carbides such as B 4 C, 
TiC, ZrC, Cr 3 C 2 , AI 4 C 3 . SiC, nitrides such as AIN, TiN, 
ZrN, Cr 2 N, Si 3 N 4 , and oxide-nitrides such as AION, 
Si 2 N 2 0, or their compounds. 

[0015] As a metal in the ceramics metal composite, 
any metals may be employed, but preferable are Al, Al- 
Si alloy or Al-Mg alloy which are superior in heat con- 
ductivity and advantageous in cost. 
[0016] If Al is contained in the ceramics metal com- 
posite, it is more preferable to contain AIN as a ceramics 
which is excellent in the thermal shock resistance and 
hard to catch ash. Moreover, it is easier to fabricate an 
AI+AIN composite because of being sufficient with only 
heat-treating Al in an N 2 atmosphere during processing. 
In this case, for suppressing the occurrence of corrosion 
or crack under corrosive environment at high tempera- 
ture. AIN should be 1 to 90wt% and AI+AIN be 50wt% 
or higher. 

[0017] If AION is further added to the ceramics metal 
composite containing AIN as a ceramics and Al as a 
metal, the ash is harder to adhere to the heat exchanger 
tube. In this case, AIN should be 1 to 90wt% and 
Al+AIN+AION be 50wt% or higher. Herein, AION is de- 
fined as a general term of compound of Al, O, N, and 



shows AI^O^N. AION, AI 198 0 288 N 4 , AI 27 0 39 N, 
AI 10 O 3 N 8 . AI 9 0 3 N 7 , SiAI 7 0 2 N 7 , Si 3 A! 3 0 4 . 5 N 5 and the 
like. 

[0018] When compounds containing B as BN or B 4 C, 
5 or C as SiC or graphite are caused to exist by spraying 
or immersing with a thickness, for example, of 1 to 
400^im, on the surface of the ceramics metal composite, 
the ash is almost completely prevented from adherence 
thereto. Further, the spraying or immersion of the com- 
10 pound is carried out periodically, whereby the heat ex- 
changer tube can be stably used for a longer time. 
[0019] It is possible that the heat exchanger tube is 
composed of an outer part made of this ceramics metal 
composite and an inner part made of an existing heat 
is resisting alloy tube. The thickness of the ceramics metal 
composite part is then preferably 3 to 12mm from the 
viewpoint of strength. 

[0020] If such a structure is provided where a heat re- 
sisting alloy tube is covered with a ceramics metal com- 
20 posite in non adhesive condition, the thermal strain is 
moderated due to the difference in coefficient of thermal 
expansion in an axial direction of tube between the heat 
resisting alloy and the ceramics metal composite, there- 
by enabling to more reliably avoid the occurrences of 
25 cracks or peeling of the ceramics metal composite. In 
addition, if the heat resisting alloy tube and the ceramics 
metal composite at least partly contact at the interface 
therebetween, the heat transfer coefficient does not 
largely go down but the heat recovery can be done at 
30 high heat exchanger effectiveness. 

[0021] The ceramics metal composite in this case 
should preferably contain AiN of 1 to 90wt% and 
Al+AIN+AION of 50wt% or higher, and have pore ratio 
of 2 to 60% for the above mentioned reason. 
35 [0022] If the compound containing B or C as said 
above exists on the outer surface of the heat resisting 
alloy tube, the contacting part between the heat resisting 
alloy and the ceramics metal composite smoothly slides, 
and the thermal strain due to the difference in the coef- 
40 ficient of thermal expansion is almost perfectly relieved. 
[0023] If such a structure is provided where a heat re- 
sisting alloy tube is covered in succession with a thermal 
expansion buffer and a ceramics metal composite in non 
adhesive condition, and both at least partly contact at 
45 the interface between the heat resisting alloy tube and 
the thermal expansion buffer and/or at the interface be- 
tween the thermal expansion buffer and the ceramics 
metal composite, the thermal strain due to the difference 
in the coefficient of thermal expansion is almost relieved 
so not only in an axial direction of tube but in a radial direc- 
tion of tube due to the thermal expansion buffer. 
[0024] Herein, it is possible to employ, as a thermal 
expansion buffer, materials such as fiber, powder, film 
or tape containing B, C or Al as main elements. 
55 [0025] Similarly to the case that the heat exchanger 
tube is composed of an outer part made of ceramics 
metal composite, the ceramics metal composite should 
preferably contain AIN of 1 to 90wt% and Al+AIN+AION 
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of 50wt% or higher, and have pore ratio of 2 to 60%. In 
addition, preferably the compound containing B or C ex- 
ists on the outer surface of the heat resisting alloy tube. 
[0026] In any of the above mentioned heat exchanger 
tubes, taking the cracks of sintered compact or ceramics 
metal composite, the strength or the heat transfer of 
heat exchanger tube itself into consideration, it is pref- 
erable that the tube length is 6mm or shorter and the 
tube outer diameter is 20 to 200mm. The cross sectional 
shape is sufficient with circle or rectangle, not particu- 
larly limiting. 

Example 1 

[0027] There were installed for heat recovery, in the 
waste gas at high temperature of 750 to 950° C of a 
municipal waste combustion pilot plant, the heat ex- 
changer tube No. 1 of single layer structure made of a 
ceramics metal composite 1 having a vertically cross 
sectional shape and a microstructure shown in Fig. 1 , 
the heat exchanger tube No. 2 of three layer structure 
having a vertically cross sectional shape shown in Fig. 
2 where the first layer was a heat resisting alloy tube 2, 
the second layer was a carbon fiber 3, and the third outer 
layer was a ceramics metal composite 1 , and the heat 
exchanger tube No. 3 coated with BN on the outer sur- 
face of the heat exchanger tube No. 2. 
[0028] The details of the heat exchanger tubes Nos. 
1 and 2 are as follows. 

Heat exchanger tube No. 1 

[0029] Ceramics metal composite: AI+AIN+AION of 
90wt% or higher, thickness of 4mm, outer diameter of 
40mm. 

Heat exchanger tube No. 2 

[0030] Heat resisting alloy tube: SUS304, thickness 
of 4mm, Carbon fiber: thickness of 4mm, Ceramics met- 
al composite: AI+AIN+AION of 90wt% or higher, thick- 
ness of 10mm, outer diameter of 40mm. 
[0031 ] The component of the waste gas of the munic- 
ipal waste combustion pilot plant was 0 2 of 2 to 1 6% 
(vol and dry are the same in the following) , HCl of 100 
to SOOppm, SOx of max 300ppm, C0 2 of 5 to 18% and 
the rest being N 2 . The heat exchanger fluid flowing in 
the heat exchanger tube was steam of 1 50 to 400° C at 
the inlet, and mixed gas of 120 to 300° C at the inlet of 
air and combustion waste gas. 

[0032] As a result, it was confirmed that in each of the 
heat exchanger tubes, the reduction amount of thick- 
ness by corrosion was slight, no crack occurred, and the 
stable heat recovery was possible for a long time. In par- 
ticular, in the BN-coated heat exchanger tube No. 3, the 
reduction amount of thickness by corrosion was 30% or 
lower of that of the heat exchanger tubes Nos. 1 and 2. 



Example 2 

[0033] The heat exchanger tubes Nos. 4 and 5 of sin- 
gle layer structure made of a ceramics metal composite 

5 1 haying a vertically cross sectional shape and pores 4 
shown in Fig. 3 were installed for heat recovery in the 
waste gas at high temperature of 750 to 950° C of the 
municipal waste combustion pilot plant similarly to Ex- 
ample 1 , and the pressure of the heat exchanger fluid 

io was strengthened than the pressure of the waste gas 
atmosphere for a part of the heat exchanger fluid to be 
spouted from the pores. 

[0034] The details of the heat exchanger tubes Nos. 
4 and 5 are as follows. 

Heat exchanger tube No. 4 

[0035] Ceramics metal composite: AI+AIN of 90wt% 
or higher, thickness of 4mm, pore ratio of 20%, outer 
20 diameter of 40mm. 

Heat exchanger tube No. 5 

[0036] Ceramics metal composite: Al+AIN of 90wt% 
25 or higher, thickness of 6mm, pore ratio of 60%, outer 
diameter of 40mm 

[0037] As a result, in each of the heat exchanger 
tubes, the ash containing basic salt was not piled on the 
surface. When steam of 150 to 400° C at the inlet was 

30 used as a heat exchanger fluid, it could be heated until 
the outlet temperature became 500° C, and when mixed 
gas of 120 to 300° C at the inlet of air of 1000 to 
5000mmAq and combustion waste gas of 100 to 
400mmAq was used, it could be heated until the outlet 

35 temperature became around 800° C, and the heat re- 
covery could be done at high heat exchanger effective- 
ness. 

[0038] In the case of the heat exchanger tube No. 5 
of the pore ratio being 60%, if the pressure of heat ex- 

40 changerfluid was strengthened to be 500mmAq or high- 
er, the temperature around the outer surface of the heat 
exchanger tube went down by 100°C or higher than the 
temperature of the waste gas atmosphere. Therefore, 
the pressure of heat exchanger fluid is preferably deter- 

45 mined to be about 400mmAq. 

Example 3 

[0039] There were installed for heat recovery, in the 
so high temperature waste gas of 650 to 950°C of the mu- 
nicipal waste combustion pilot plant similar to Example 
1 , the heat exchanger tubes Nos. 6 to 9 having a verti- 
cally cross sectional shape shown in Fig. 4 and a later- 
ally cross sectional shape shown in Fig. 5 where a heat 
55 resisting alloy tube 2 was covered with a ceramics metal 
composite 1 in non adhesive condition, and the heat re- 
sisting alloy tube 2 and the ceramics metal composite 1 
at least partly contact at the interface therebetween, that 
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is, the spaces 5 existing. 

[0040] The details of the heat exchanger tubes Nos. 
6 to 9 are as follows. 

Heat exchanger tube No. 6 

[0041] Heat resisting alloy tube: SUS304-15A. Ce- 
ramics metal composite: AI+AIN+AION of 90wt% or 
more, thickness of 5 to 10mm, pore ratio of 40%. 

Heat exchanger tube No. 7 

[0042] Heat resisting alloy tube: SUS304-20A, Ce- 
ramics metal composite: AI+AIN+AION of 90wt% or 
more, thickness of 6 to 8mm, pore ratio of 20% 

Heat exchanger tube No. 8 

[0043] Heat resisting alloy tube: SUS304-20A, BN- 
coated, Ceramics metal composite: AI+AIN+AION of 
90wt% or more, thickness of 6 to 8mm, pore ratio of 
20%. 

Heat exchanger tube No. 9 

[0044] Heat resisting alloy tube: SUS304-20A, Ce- 
ramics metal composite: Al 2 0 3 of 80wt% or more+Al, 
thickness of 2 to 4mm, pore ratio of 30%. 
[0045] The component of the waste gas of the munic- 
ipal waste combustion pilot plant was 0 2 of 2 to 16%, 
HCI of 200 to 600ppm, SOx of max 300ppm, C0 2 of 4 
to 1 9% and the rest being N 2 . 

[0046] As a result, it was confirmed that in each of the 
heat exchanger tubes, the reduction amount of thick- 
ness by corrosion was slight, no crack occurred, and the 
stable heat recovery was possible for a long time. In par- 
ticular, it was confirmed that no variations were recog- 
nized in the cross sectional shape after the tests in the 
heat exchanger tube No. 8 where BN was coated on the 
outer surface of the heat resisting alloy tube, and the 
sliding between the BN coating and the ceramics metal 
composite was smooth. 

[0047] It was confirmed that when the heat exchanger 
fluid was steam of 300 to 400° C at the inlet, the outlet 
was 500° C or higher and 100ata, and when the heat 
exchanger fluid was mixed gas of air of 1000 to 
SOOOmmAq and combustion waste gas of 100 to 
400mmAq, it could be heated up to maximum of 800°C 
at the outlet. 

Example 4 

[0048] There were installed for heat recovery, in the 
high temperature waste gas of 700 to 1 000°C of the mu- 
nicipal waste combustion pilot plant similar to Example 
1, the heat exchanger tubes Nos. 10 and 11 having a 
vertically cross sectional shape shown in Fig. 4 and a 
laterally cross sectional shape shown in Fig. 5 where a 



heat resisting alloy tube 2 was covered with a ceramics 
metal composite 1 in non adhesive condition, and the 
heat resisting alloy tube 2 and the ceramics metal com- 
posite 1 at least partly contact at the interface therebe- 
5 tween, that is. the spaces 5 existing. 

[0049] The details of the heat exchanger tubes Nos. 
10 and 11 are as follows. 

Heat exchanger tube No. 10 

10 

[0050] Heat resisting alloy tube: Boiler heat resisting 
tube STBA28-20A, Ceramics metal composite: AI+AIN 
of 90wt% or more, Al 2 0 3 of 7wt%, thickness of 6 to 7mm, 
pore ratio of 25%. 

15 

Heat exchanger tube No. 11 

[0051] Heat resisting alloy tube: Boiler heat resisting 
tube STBA28-20A, Ceramics metal composite: SiC of 
20 95wt% or more+Mg, thickness of 6 to 7mm, pore ratio 
of 2%. 

[0052] As a result, since the high temperature waste 
gas included CO of 5 to 15%, there was scarcely dete- 
rioration due to oxidation of SiC or AIN, and the heat 
25 recovery was preferable. 

Example 5 

[0053] There were installed for heat recovery, in a 
30 combustion gas of a combustion furnace of coal, cakes 
of de-watered sewage and dried sewage, the heat ex- 
changer tubes Nos. 12 to 14 where a heat resisting alloy 
tube 2 of coaxial shape or U-shape shown in Figs. 6 or 
7 was covered with a ceramics metal composite 1 in non 
35 adhesive condition, and the heat resisting alloy tube 2 
and the ceramics metal composite 1 at least partly con- 
tact at the interface therebetween, that is, the spaces 5 
existing. 

[0054] The details of the heat exchanger tubes Nos. 
40 1 2 to 1 4 are as follows. 

Heat exchanger tube No. 12 

[0055] Heat resisting alloy tube: Boiler heat resisting 
45 tube STBA28-40A and 65A, Ceramics metal composite: 
SiC of 95wt% or more+Mg, thickness of about 7mm, 
Tube shape: coaxial(Fig. 6). 

Heat exchanger tube No. 13 

50 

[0056] Heat resisting alloy tube: Boiler heat resisting 
tube STBA28-20A and 50A, Ceramics metal composite: 
Al 2 0 3 of 95wt% or more+Al, thickness of about 3mm, 
Tube shape: coaxial(Fig. 6). 

55 

Heat exchanger tube No. 14 

[0057] Heat resisting alloy tube: Boiler heat resisting 
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tube STBA28-1 5A and 20A, Ceramics metal composite: 
At+AIN of 90 wt% or more, thickness of 6 to 1 0mm, Tube 
shape: U-shape(Fig. 7) . 

[005B] As a result, the combustion waste gas of coal 
and sewage contained SOx of several hundreds ppm, 
but no corrosion appeared in any of the heat exchanger 
tubes, and it was possible to recover steam of high tem- 
perature and high pressure, air of high temperature and 
waste gas of high temperature. 

[0059] In the case of the U-shaped tube shown in Fig. 
7, the turned part should have many spaces 5. 

Example 6 

[0060] There were installed for heat recovery, in the 
high temperature waste gas of 650 to 950°C of the mu- 
nicipal waste combustion pilot plant similar to Example 
1 , the heat exchanger tubes Nos. 1 5 to 1 8 having a ver- 
tically cross sectional shape shown in Fig. 6 and a lat- 
erally cross sectional shape shown in Fig. 9 where a 
heat resisting alloy tube 2 was covered in succession 
with a thermal expansion buffer 6 and a ceramics metal 
composite 1 in non adhesive condition, and both at least 
partly contact at the interface between the heat resisting 
alloy tube 2 and the thermal expansion buffer 6 and/or 
at the interface between the thermal expansion buffer 6 
and the ceramics metal composite 1 , that is, the spaces 
5 existing. 

[0061] The details of the heat exchanger tubes Nos. 
1 5 to 1 6 are as follows. 

Heat exchanger tube No. 15 

[0062] Heat resisting alloy tube: SUS304-1 5A, Ther- 
mal expansion buffer: Al foil, thickness of 1 to 2mm, Ce- 
ramics metal composite: AI+AIN+AION of 90wt% or 
more, thickness of 4 to 10mm, pore ratio of 40%. 

Heat exchanger tube No. 16 

[0063] Heat resisting alloy tube: SUS304-20A, Ther- 
mal expansion buffer: carbon fiber, thickness of 0.2 to 
2mm, Ceramics metal composite: AI+AIN+AION of 
90wt% or more, thickness: 3 to 8mm, pore ratio of 20%. 

Heat exchanger tube No. 17 

[0064] Heat resisting alloy tube: SUS304-20A, BN- 
coated, Thermal expansion buffer: carbon fiber, thick- 
ness of 0.2 to 2mm, Ceramics metal composite: 
AI+AIN+AION of 90wt% or more, thickness: 3 to 8mm, 
pore ratio of 20% 



more+AI, thickness of 2 to 4mm, pore ratio of 30% 
[0066] The component of the waste gas of the munic- 
ipal waste combustion pilot plant was 0 2 of 2 to 16%, 
HCI of 200 to 600ppm, SOx of max 300ppm, CO z of 4 

5 to 1 9% and the rest being N 2 . 

[0067] As a result, it was confirmed that in each of the 
heat exchanger tubes, the reduction amount of thick- 
ness by corrosion was slight, no crack occurred, and the 
stable heat recovery was possible for a long time. In par- 

io ticular, it was confirmed that no variations were recog- 
nized in the cross sectional shape after 1200 hours in 
the heat exchanger tube No. -17 where BN is coated on 
the outer surface of the heat resisting alloy tube, and the 
sliding between the BN coating and the ceramics metal 

is composite was smooth. 

[0068] It was confirmed that when the heat exchanger 
fluid was steam of 280 to 400° C at the inlet, the outlet 
was 540° C or higher and 100ata, and when the heat 
exchanger fluid was mixed gas of 120 to 300° C at the 

20 inlet of air of 1 000 to 4000mmAq and combustion waste 
gas of 50 to 400mmAq, it could be heated up to maxi- 
mum of 800° C at the outlet. 



Example 7 
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Heat exchanger tube No. 1 8 

[0065] Heat resisting alloy tube: SUS304-20A, Ther- 
mal expansion buffer: carbon fiber, thickness of 1 to 
2mm, Ceramics metal composite: A^Og of 80wt% or 



[0069] There were installed for heat recovery, in the 
high temperature waste gas of 650 to 950°C of the mu- 
nicipal waste combustion pilot plant similar to Example 
1, the heat exchanger tubes Nos. 19 and 20 having a 
30 vertically cross sectional shape shown in Fig. 8 and a 
laterally cross sectional shape shown in Fig. 9 where a 
heat resisting alloy tube 2 was covered in succession 
with a thermal expansion buffer 6 and a ceramics metal 
composite 1 in non adhesive condition, and both at least 
35 partly contact at the interface between the heat resisting 
alloy tube 2 and the thermal expansion buffer 6 and/or 
at the interface between the thermal expansion buffer 6 
and the ceramics metal composite 1 , that is, the spaces 
5 existing. 

40 [0070] The details of the heat exchanger tubes Nos. 
1 9 and 20 are as follows. 

Heat exchanger tube No. 1 9 

45 [0071] Heat resisting alloy tube: Boiler heat resisting 
tube STBA28-20A, Thermal expansion buffer: fiber of 
carbon being 80wt% or more, thickness of 0.5 to 3mm, 
Ceramics metal composite: AI+AIN of 86wt% and Al 2 0 3 
of 6wt%, thickness of 4 to 5mm, pore ratio of 25%. 

50 

Heat exchanger tube No. 20 

[0072] Heat resisting alloy tube: Boiler heat resisting 
tube STBA28-20A, Thermal expansion buffer: fiber of 
55 carbon being 80wt% or more, thickness of 1 to 3mm, 
Ceramics metal composite: SiC of 95wt% or more+Mg, 
thickness of 4 to 5mm, pore ratio of 2%. 
[0073] As a result, since the high temperature waste 
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gas included CO of 5 to 15%. there was scarcely dete- 
rioration due to oxidation of SiC or AIN, and the heat 
recovery was preferable. 

Example 8 

[0074] There were installed for heat recovery, in the 
high temperature waste gas of 650 to 950°C of the mu- 
nicipal waste combustion pilot plant similar to Example 
1 . the heat exchanger tubes Nos. 21 to 23 where a heat 
resisting alloy tube 2 of coaxial shape or U-shape shown 
in Figs. 10 or 11 was covered in succession with a ther- 
mal expansion buffer 6 and a ceramics metal composite 

1 in non adhesive condition, and both at least partly con- 
tact at the interface between the heat resisting alloy tube 

2 and the thermal expansion buffer 6 and/or at the in- 
terface between the thermal expansion buffer 6 and the 
ceramics metal composite 1 , that is, the spaces 5 exist- 
ing. 

[0075] The details of the heat exchanger tubes Nos. 
21 and 23 are as follows. 
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Claims 

1 . A heat exchanger tube made of a sintered compact 
having pore ratio of 2 to 60%. 

2. The heat exchanger tube of Claim 1. wherein the 
sintered compact is made of a ceramics metal com- 
posite. 

3. A heat recovery method, using the heat exchanger 
tube of Claim 1 , and comprising a step of strength- 
ening the pressure of heat exchanger fluid passing 
within the heat exchanger tube than the pressure of 
an atmosphere outside of the heat exchanger tube. 



Heat exchanger tube No. 21 

[0076] Heat resisting alloy tube: Boiler heat resisting 
tube STBA28-40A and 65A, Thermal expansion buffer; 
mixture of powder of carbon being 80wt% or more and 
fiber, thickness of 0.2 to 4mm, Ceramics metal compos- 
ite: SiC of 95wt% or more+Mg, thickness of 7mm, Tube 
shape: coaxial(Fig. 10). 

Heat exchanger tube No. 22 

[0077] Heat resisting alloy tube: Boiler heat resisting 
tube STBA28-20A and 50A, Thermal expansion buffer: 
carbon being 80wt% or more, thickness of 0.3 to 2mm. 
Ceramics metal composite: Al 2 0 3 of 95wt% or more+AI, 
thickness of about 4mm, Tube shape: coaxial(Fig. 10). 

Heat exchanger tube No. 23 

[0078] Heat resisting alloy tube: Boiler heat resisting 
tube STBA28-15A and 20A, Thermal expansion buffer: 
fiber of carbon being 80wt% or more, thickness of 0.4 
to 1mm, Ceramics metal composite: Al+AIN of 90wt% 
or more, thickness of 6 to 8mm, Tube shape: U-shape 
(Fig. 11). 

[0079] As a result, the combustion waste gas of coal 
and sewage contained SOx of several hundreds ppm, 
but no corrosion appeared in any of the heat exchanger 
tubes, and it was possible to recover steam of high tem- 
perature and high pressure, air of high temperature and 
waste gas of high temperature. 

[0080] In the case of the U-shaped tube, the turned 
part should have many spaces 5. 
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4. A heat recovery method, using the heat exchanger 
tube of Claim 2, and comprising a step of strength- 
ening the pressure of heat exchanger fluid passing 
within the heat exchanger tube than the pressure of 

20 an atmosphere outside of the heat exchanger tube. 

5. A heat exchanger tube, wherein the outer part 
thereof is made of a ceramics metal composite. 



25 6. The heat exchanger tube of Claim 5. wherein the 
ceramics metal composite contains AIN of 1 to 
90wt% and Al+AIN of 50wt% or more. 

7. The heat exchanger tube of Claim 5, wherein the 
30 ceramics metal composite contains A1N of 1 to 

90wt% and AI+AIN+AION of 50wt% or more. 

8. The heat exchanger tube of Claim 5, wherein a com- 
pound containing B(boron) or C(carbon) exists in 

35 the outer surface of the ceramics metal composite. 

9. The heat exchanger tube of Claim 5, wherein the 
thickness of the ceramics metal composite is 3 to 
12mm. 

AO 

10. A heat exchanger tube, wherein a heat resisting al- 
loy tube is covered with a ceramics metal composite 
in non adhesive condition, and the heat resisting al- 
loy tube and the composite at least partly contact at 

45 the interface therebetween. 

11. The heat exchanger tube of Claim 10, wherein the 
ceramics metal composite contains AIN of 1 to 
90wt% and AI+AIN+AION of 50wt% or more. 

50 

12. The heat exchanger tube of Claim 10, wherein a 
compound containing B or C exists in the outer sur- 
face of the heat resisting alloy tube. 

55 13. The heat exchanger tube of Claim 10, wherein the 
ceramics metal composite has pore ratio of 2 to 
60%. 
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14. A heat exchanger tube, wherein a heat resisting al- 
loy tube is covered in succession with a thermal ex- 
pansion buffer and a ceramics metal composite in 
non adhesive condition, and both at least partly con- 
tact at the interface between the heat resisting alloy 
tube and the thermal expansion buffer and/or at the 
interface between the thermal expansion buffer and 
the ceramics metal composite. 

15. The heat exchanger tube of Claim 14, wherein the 
ceramics metal composite contains AIN of 1 to 
90wt% and Al+AIN+AION of 50wt% or more. 

16. The heat exchanger tube of Claim 14, wherein the 
thermal expansion buffer is a fiber, powder, film, 
tape and the like containing B, C or Al as a main 
component. 

17. The heat exchanger tube of Claim 14, wherein a 
compound containing B or C exists in the outer sur- 
face of the heat resisting alloy tube. 

18. The heat exchanger tube of Claim 14, wherein the 
ceramics metal composite has pore ratio of 2 to 
60%. 
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